Thermophysical parameters to estimate the interfacial free energy.
Table SI shows the interfacial free energy and Turnbull coefficient, and related thermophysical parameters used in this study. Density of supercooled liquids was measured by image analysis during cooling in ESL. The boundary of the sample image was fitted by 6 th order Lengendre polynomial which was a well-known method 1, 2 .
Viscosity measurements were carried out using the resonant oscillation drop method 3, 4 .
The resonant oscillation of the samples at different temperatures was induced by applying the ac electric field, and the decay time-constant of the oscillation was obtained by the fitting of decay function. Specific heat can be obtained by Stephan-Boltzmann (SB) law,
, since the liquids cool down radiatively under high vacuum in the ESL. From the SB law, we can get an accurate ratio of C p /ε T . If total hemispherical emissivity (ε T ) is given, the C p can be calculated. However, the ε T has not been reported for Cu-Zr liquids so far. Therefore, in this study, we used spectral emissivity which is used to measure sample temperature. Then, fusion enthalpy (ΔH f ) was calculated by multiplying C p and temperature rising T from the recalescence temperature T r on nucleating to the plateau temperature T s in Figure 1 
Calculations of glass-glass interfacial energies of Cu-Zr amorphous alloys (Figs. S1-S4)
The glass-glass interfacial energies of various Cu-Zr amorphous alloys (AAs) were estimated using molecular dynamics simulations. The atomic interactions for Cu-Zr were described using the Mendelev 5 form of an Embedded Atom Method (EAM) 6 potential.
The MD simulations utilized LAMMPS 7 , which was developed at the Sandia National
Laboratories. In order to generate atomic configurations of Cu 100-x Zr x (x = 30 -52 at.%) amorphous alloys for molecular dynamics simulations, we started with a perfect copper single crystal containing 8,000 atoms with a box size of about 4.38.64.3nm, and then randomly substituted certain percentage (x %) of Cu atoms by Zr atoms. The initial model was held at the temperature of 2000 K (a temperature that is well above the melting point of the alloy) for 3 ns (time step was 1 fs) for relaxation, in which the simulation time was long enough to ensure the system to reach a homogeneous liquid. The model was then performed a rapid quench to T = 50K at a cooling rate of 160 K/ns. The above simulations were performed at zero pressure with the NPT ensemble using periodic boundary conditions. This method combined the Parrinello-Rahman algorithm 8 for controlling the pressure and box size, and the Nose-Hoover method 9, 10 for maintaining constant temperature. MD simulations continued to run for additional 1 ns at T = 50 K to obtain equilibrium thermodynamics properties such as volume and potential energy. In order to calculate the interfacial energy of the amorphous alloys, we first cut the bulk amorphous alloys along the center plane of the model perpendicular to y-axis and then separated the two parts from each other by a distance of 2 nm to ensure the atoms on the surfaces do not interact with each other. The new simulation box was then thermally relaxed at 1000 K for 2 ns with the Canonical ensemble (NVT) using periodic boundary conditions. This thermal relaxation was to ensure the atomic configurations on the free surfaces to reach equilibrium. After relaxation, system was quickly quenched to T = 50 K at a cooling rate of 250 K/ns. MD simulation continues to run for additional 1 ns at T = 50 K to obtain equilibrium potential energy of the system with free surfaces, then we move the two free surfaces together to form an interface at T = 50 K, followed by a relaxation of 6 ns with NPT ensemble (only control the box size along y-axis to ensure a zero pressure) using periodic boundary conditions. The interfacial energy is then defined
, where E Interfacial is the total potential energy of the system with one interface, E Bulk is the total potential energy of the system before cutting and A the cross-section area in perpendicular to y-axis. To calculate the interfacial energy of amorphous alloys at high temperatures, we quickly raise the temperature of the system to 800 K from 50 K and then relax the system isothermally at 800 K for 12 ns under hydrostatic pressure of 3 GPa. We performed three runs for each composition for a better statistics. Since large internal stress might build up within system during solidification under large supercooling, it is not unreasonable to apply 3 GPa pressure in current calculation. From self-diffusivity as a function of external hydrostatic pressure, it is confirmed that the external hydrostatic pressure 3 GPa will not fundamentally change the self-diffusion behavior of atoms in those alloys. Similar technique has been used in the study of the thermal stability of interfacial energy 11 . Figure S1 illustrates an equilibrium atomic configuration of a selected composition This finding mentioned above is further confirmed in a second Zr-Cu-Al alloy system, which was selected due to the fact that both reliable empirical potential 13 and experimental measurements for critical thickness 14 are available to this system. The trend,
i.e., the higher the interfacial free energy of amorphous alloy, the higher GFA is also held 
